Purpose: This study was conducted in an effort to determine the effects of various abdominal drawing-in maneuver (ADIM) on the thickness and length of the transversus abdominis (TrA) when using lumbar stabilization exercises on healthy adults. Methods: 72 healthy adults were divided into four groups of 18 subjects each, to which different ADIM methods were applied. 1) a simple ADIM exercise, 2) an ADIM with pressure bio-feedback units, 3) an ADIM exercise with sling, and 4) an ADIM exercise with sling and vibration. Changes in the thickness and sliding length of TrA were measured when ADIM was conducted in the supine position prior to exercise and again when beginning the exercises. Following exercise, changes in the thickness and sliding length of TrA were measured using the same methods. Differences in group measurements prior to and following exercise were compared using a one-way analysis of variance. A paired t-test was applied to compare the before and after differences within each group. Results: Differences in TrA thickness change revealed that the ADIM exercise with sling and vibration group showed a significant difference in measurements taken prior to and following exercise. Differences in TrA length change revealed that the ADIM exercise with sling and vibration group showed a significant difference in measurements taken prior to and following exercise. Conclusion: ADIM exercise with vibration stimulation conducted in the bridge posture while in a prone position using a sling can be recommended as an effective exercise to improve the function of lumbar TrA.
INTRODUCTION
In recent years, a number of treatment methods for lower back pain have been developed. Among them, an abdominal drawing-in maneuver (ADIM) method has been proposed based on the concept of spinal stabilization. Hodges et al. 1 experimented with biofeedforward mechanisms of trunk in relation to functional movements in the upper extremities; experiment results indicated that the contraction of the transversus abdominis (TrA) occurred regardless of the direction of movement in the upper extremities and that the contraction time of TrA was delayed in patients with lower back pain due to the presence of a bio-feedforward mechanism. The ADIM method is used only to contract TrA and the internal oblique abdominal muscle (IO) in an effort to increase intra-abdominal pressure by pulling the abdominal wall inward. The bridge exercise with ADIM was more efficient for increasing balance ability in patients with stroke. 2 Abdominal muscle activity, in combination with the ADIM, affected the grip strength, positively. 3 Monica et al. 14 suggested that a lateral TrA slide in patients with chronic lower back pain is an effective means of pain reduction. Using magnetic resonance imaging and real-time ultrasounds, Hides et al. 15 studied a function of motion that occurs when TrA pulls at the abdominal wall. They reported that when TrA pulls at the ab-achieve active closed kinetic chain exercise while minimizing gravitational resistance; this can increase efficiency in stability, proprioceptive integrated senses, and motor control. 4 One method used to increase the effects of sling exercise is the application of vibration during exercise. 5 To increase muscle strength and muscle mass, vibrations of 25-45 Hz frequency are used. 6 Many exercises have been introduced to activate local muscles.
However, among the many exercise methods, there is a lack of research on the activation of local muscle accompanied by vibrations in the sling, and also a comparison study on slip of the TrA muscles during activation of local muscles. Therefore, the method of activation of local muscle through various existing ADIMs and the ADIM methods using sling and vibration will provide a more efficient exercise method by comparing and analyzing each method.
The ADIM method using sling and vibration will be based on muscle bilization and exercise effects.
The present study aims to determine the effects of the following methods on the thickness and length of TrA: 1) a simple ADIM exercise gruop, 2) an ADIM with pressure bio-feedback units (PBU) group, 3) an ADIM exercise with sling group, and 4) an ADIM exercise with sling and vibration group.
METHODS

Subjects
To complete the present study, 72 healthy adults whose mean age, mean height, and mean weight were 22.5 ± 2.01 years, 167.95 ± 6.51 cm, and 62.5 ± 8.60 ㎏, respectively, were recruited. The selection criteria for the subjects were as follows: 1) subjects had no history of disease of the nervous or musculoskeletal systems and were without functional disability, and 2) no regular or systematic exercise was performed by subjects at the time of their selection. All subjects gave voluntary consent to participate in the experiment upon being fully informed about the purpose and methods of the study. The present study was approved by the Daegu University Institutional Review Board in accordance with the ethical principles of the Declaration of Helsinki.
Experimental methods
1) Measurement
Subjects (n =72) were randomly divided to four groups (n =18).
All Subjects were instructed to bend their knees at 90° prior to and following the experiment, and a PBU was placed below their waists while in a supine position. Then, subjects performed ADIM via verbal instruction, and the resulting ultrasonic waves (Terason t3000
Ultrasound System, Apple, America) were measured. A mean value was derived after three repeated measurements, with participants being granted one minute of rest time between measurements. A single evaluator measured all subjects in order to minimize errors that may arise due to inter-rater differences. Ultrasound gel was applied to a probe and to the participants' skin, and the thickness and length of TrA muscle was measured at the same position; this position was located 1cm away from the boundary that separates from the fascia in the center of the muscle. 9 The anterolateral muscles were also measured, which were located on the center axilla line between the iliac crest and the inferior angle of the costa. [10] [11] [12] [13] To measure the sliding length of TrA, measurements were taken while subjects performed the exercises via a fixed probe that was placed on the boundary of the TrA fascia and displayed at the left end of the ultrasound measuring screen.
(1) Simple ADIM exercise group Subjects in the simple ADIM exercise group were instructed to bend their knees at 90°, lie in a supine position, 7 and perform ADIM exercises via verbal instruction. The ADIM exercises consisted of three sets; in each set, subjects maintained their position for 12 seconds. This process was repeated ten times. A rest period of 30 seconds was granted during each set.
(2) ADIM with PBU group
Subjects in the ADIM with PBU (stabilizer, Chattanooga, USA) group were instructed to bend their knees at 90° and lie in a supine position. A PBU was then placed below their waists, and subjects were instructed to maintain ADIM for 12 seconds. This process was repeated 10 times while subjects maintained 40 mmHg, and three sets of the above exercise were performed. 
RESULTS
In the ADIM exercise group with sling and vibration, a significant difference in changes to the thickness of TrA was found via ultrasound imaging prior to and following the exercises (p < 0.05) ( 
DISCUSSION
The experiment results indicated that a significant difference in changes to the thickness of TrA prior to and following exercise existed in the ADIM exercise group with sling and vibration. In comparing the differences in TrA length between groups, a significant increase in changes to TrA length was found in the ADIM exercise group with sling and vibration.
The present study revealed a greater difference in the changes to length that occur due to increased sliding in the group that used both a sling and a vibration. Until today, most studies of TrA activation have measured the thickness of TrA. The present study, however, has verified that in addition to the existing methods, lateral slide can also be an important assessment method. Furthermore, it is necessary to conduct additional studies of methods that can be used to alter the length of TrA such methods may utilize a stabilization of the waist or pelvis in patients with lower back pain.
Critchley and Coutts 16 reported that an experimental group that performed ADIM in the quadruped position discovered an increased thickness of TrA when measuring that factor via real time ultrasounds. Shi et al. 17 reported that when muscles were active, muscle thickness increased. Thus, an increase in the thickness of TrA can be interpreted as an increase in muscle activity. The present study showed that the ADIM exercise group with sling and vibration demonstrated a significant increase in the thickness of TrA following ADIM exercise. However, no significant difference was found in the other ADIM exercise groups prior to or following the exercise. This was because groups whose members performed simple ADIM movements or ADIM in conjunction with PBU had a shorter exercise time of seven to eight minutes, which did not lead to any significant difference. Similarly, the ADIM with sling group showed no significant effects on the thickness of TrA. Therefore, exercise with sling and vibration as an exercise method for immediate effect within a short time can be effective.
In this study, the vibration stimulus was used to easily set the frequency using a local stimulator. Vibration represents a strong stimulus for musculoskeletal structures due to the need to quickly modulate muscle stiffness to accommodate the vibratory waves. This response is mediated by monosynaptic and polysynaptic afferent pathways, which are capable of triggering specific hormonal responses. It appears that a subsequent voluntary activation can be performed with central and peripheral structures in an elevated excitatory state. 18 In the study of the lumbar deep muscle using magnetic resonance imaging, 20 healthy male subjects underwent weight bearing exercise with 6 weeks full body vibration. The result of magnetic resonance imaging showed that the cross-sectional area of multifidus atrophy was significantly decreased. 19 In this study, it was concluded that the TrA muscles of the ADIM with sling and vibration group also showed significant changes because the specific frequency of vibration stimulated the target muscle to increase the voluntary activity.
In their study of deep cervical flexor, Yun 20 The present study has the following limitations: the study result cannot be generalized to all patients with lower back pain, as it was conducted in normal healthy adults. Furthermore, although the present study verified immediate changes in the thickness and length of TrA by cross-section study design, we cannot know how long this effect may last. Thus, it is necessary to determine which changes would occur if these exercises were applied three to four times per week. To this end, future research should examine how long these effects might last.
